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The present invention relates to hem^eticatly sealed integrated circu^^ .^ese ^J^^^^Pj^^^^ 

bond pads (2) such that the opening is smaller than that present in me pnmary 
pads are thereby more effectively sealed. 
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The present invention relates to integrated cir- 
cuits which are protected from the environment 
These circuits are inexpensive to fabricate and have 
improved performance and reliability. 

Modern electronic circuits must be able to with- 
stand a wide variety of environmental conditions such 
as rrxsisture, heat, ions and abrasion. A significant 
arrx>unt of work has been directed toward various pro- 
tective measures to minimize the exposure of such 
circuits to the above conditions and to thereby in- 
crease their performance, reliability and life. 

Many prior art processes for protecting electronic 
circuits have involved sealing or encapsulating the 
circuits after they have been interconnected. For ex- 
ample, it is known in the art to use protective layers 
of silicones, polyimides. epoxies, other organics. 
plastics and the like. Such materials, hovraver, are of 
limited value since most are permeable to envirorv 
mentat moisture and ions. 

Similarly, interconnected circuits have also been 
sealed within ceramic packages. This process is rel- 
atively effective in increasing device reliability and is 
currentiy used in select applications. The added size, 
weight and cost involved in this method, however, in- 
hibits widespread application in the electronic indus- 
try. 

The use of lightweight ceramic protective coat- 
ings on electronic devices has also been suggested. 
For instance. U.S. Patent Nos. 4,756.977 and 
4.749,631 describe the use of ceramic silica coatings 
derived from hydrogen silsesquk}xane and silicate es- 
ters, respectively, as well as additional ceramic layers 
for hermetic barriers. The present inventors have 
found that when such coatings are applied specifical- 
ly to integrated circuits and the bond pads opened, 
the circuits are hernf>etically sealed. 

Sealing circuits at the wafer stage is also known 
in the art For example, it is known to coat fabricated 
integrated circuits with ceramic materials such as si- 
ica and/or silicon nitride by chemical vapor deposition 
(CVD) techniques. These coatings are then etched 
back at the bond pads for the applicatk)n of leads. The 
wafers coated in this manner, however, are stil sub- 
ject to degradation, especially at the boo6 pads. 

The present inventors have now solved the 
above problems associated with the hermetic protec- 
tion of integrated circuits by sealing the circuits with 
additional CVD applied ceramic layers. 

The present invention relates to hermeticatty 
sealed integrated circuits. These circuits comprise a 
circuit subassembly having a primary passh/ation and 
one or man bond pads opened in the passivation. To 
the prinrury passivation is applied a si icon-containing 
ceramic layer by a physical vapor deposition (PVD) or 
CVD process. In addition, the ceramic layer also cov- 
ers a portion of the bond pads such that the opening 
is smaller than that present in the primary passivation 
and the bond pads, are thereby, more effectively 


sealed. 

The present invention also relates to a method for 
producing the above sealed integrated circuits. The 
method involves applying one or more ceramic layers 

5 by PVD or CVD processes over the entire circuit sut>- 
assembiy followed by removing at least a portion of 
the ceramic layer covering the t>or>d pads. 

Figure 1 is a cross- section of a semiconductor de- 
vice having the passivation of the present invention. 

10 Figure 2 is a cross- section of a semiconductor de- 

vice having the passivation and metallization of the 
present invention. 

The present invention is t>ased on our finding that 
integrated circuits can t>e hermetically sealed by the 

15 application of a ceramic coating over the primary pas- 
sivation. These sealed circuits have increased reli- 
ability and performance. In addition, since this proc- 
ess is generally performed at the wafer stage, pro- 
duction can be simplified and. thus, costs reduced. 

20 The intec^rated circuit sut>assemblies used in the 

process of this invention are not critical and any which 
are known in the art and/or produced commercially 
are useful herein. The processes used to produce 
such circuits are also known and not critical to the in- 

25 vention. Exemplary of such circuits are those conrv 
prising a semiconductor substrate (eg., si icon, galli- 
um arsenide and the tike) having an epitaxial layer 
grown thereon. This epitaxial layer is appropriately 
doped to form the PN-junction regions which oonsti- 

30 tute the active regions of device. These active regions 
are diodes and transistors which form the integrated 
circuit when appropriately interconnected by a prop- 
erty patterned metallk: layer. This metallic intercon- 
nect layer terminates at the bond pads on the exterior 

35 surface of the circuit To protect the extehor surface 
of the circuit, a primary passivation is applied and the 
passivatk)n then etched back at the bond pads to al- 
low subsequent dicing and interconnection of the cir- 
cuit to form the active device. Figure 1 depicts a 

40 cross-section of such a semiconductor substrate 
wherein (1) is the semiconductor substrate. (2) is the 
bond pad and (3) is the primary passivation. These 
processes are generally performed at the wafer 
stage. 

45 The passivation described above conventionally 
comprises one or nx>re ceramk: coatings applied by 
CVD techniques. These coating can comprise, for ex- 
ample. silk:a. silicon nitride or silicon oxynitride de- 
rived from precursors such as silane and oxygen, ni- 

50 trous oxide, nitrogen, ammonia or the like. 

Despite the fact that these circuits have a passi- 
vation layer, they are still prone to damage by the en- 
vironment For example, the passivation is prone to 
penetration of water and/or various destructive ions 

55 through defects snd cracks. As noted above, the in- 
dustry has attempted to solve these problems by the 
use of additional protective measures after the cir- 
cuits are interconnected. The present inventnn. on 


2 


3 


EP 0 589 678 A2 


4 


the other hand, describes additional measures to be 
taken before interconnection of the circuit. 

In the process of the present invention, the above 
circuits are sealed by covering the primary passiva- 
tion with one or more additional ceramic layers by 
PVD or CVD process. This is shown in Figure 1 
wherein 4 is the additional ceramic layers. These cer- 
amic layers can include, for example, silicon oxygen 
containing coatings, silicon containing coatings, sili- 
con carbon containing coatings, silicon nitrogen con- 
taining coatings, silicon oxygen nitrogen coatings, sil- 
icon nitrogen carbon containing coatings, silicon oxy- 
gen carbon containing coatings, silicon oxygen car- 
bon nitrogen containing coatings and/or diamond like 

cart>on coatings. 

The materials and methods for the fornnation of 
these ceramic coatings are not critical to the invention 
and many are known in the art Examples of applica- 
ble methods include CVD. photochemical vapor de- 
position, plasma enhanced chemical vapor deposition 
(PECVD), electron cyclotron resonance (ECR), jet va- 
por deposition, sputtering, electron beam evaporation 
or any similar technique may be used. These process- 
es involve either the addition of energy (in the form 
of heat plasma and the like) to a vaporized species 
to cause the desired reaction or the focusing of ener- 
gy on a solid sample of the nrwiterial to cause its de- 
position. 

In CVD, the coating is deposited by passing a 
stream of the desired precursor gases over a heated 
substrate. When the precursor gases contact the hot 
surface, they react and deposit the coating. Substrate 
temperatures in the range of 100-1000-C. are suffi- 
cient to form these coatings in several minutes to sev- 
eral hours, depending on the precursors and the 
thickness of the coating desired. If desired, reactive 
metals can be used in such a process to facilitate de- 
position. 

In PECVD. the desired precursor gases are re- 
acted by passing them through a plasma field. The re- 
active species thereby f6rnr)ed are then focused at 
the substrate and readily adhere. Generally, the ad- 
vantage of this process over CVD is that lower sub- 
strate temperature can be used. For instance, sub- 
strate temperatures of 20 to SOO^C. are functional. 

The plasma used In such processes can corrv 
prise energy derived from a variety of sources such as 
electric discharges, electromagnetk: fields in the ra- 
dio-frequency or microwave range, lasers or part)de 
beams. GeneraHy preferred in most plasnw deposi- 
tion processes is the use of radto frequency (10 kHz 
. 102 MHz) or microwave (0.1 - 10 GHz) eneryy at 
mooerate power densities (0.1 - 5 watt3/crr>2). The 
specif Ic frequency, power and pressure, however, are 
generally talored to the precursor gases and the 

equipment used. 

Examples of suitable processes for the deposi- 
tion of the silicon containing coating include (a) CVD 


of a silane, halosilane, hatodistlane. halopolysilane or 
mixtures thereof, (b) PECVD of a silane. halosilane. 
halodisitane. halopolysilane or mixtures thereof or (c) 
the metal assisted chemical vapor deposition 
5 (MACVD) of a silane. halosilane, halodisiiane. halo- 
polysilane or mixtures thereof. 

Examples of suitable processes for the depose 
tion of the silicon cartwn containing coating include 
(1) CVD of a silane. aikylslane, halosilane, halodisi- 
10 lane, halopolysilane or mixtures thereof in the pres- 
ence of an alkane of one to six carbon atoms or an al- 
kylsilane, (2) PECVD of a silane. alkylsilane, halosi- 
lane, halodisiiane, halopolysilane or mixtures thereof 
In the presence of an alkane of one to six carbon 
15 atoms or an alkylsilane or (3) PECVD of a silacydo- 
butane or dislacydobutane as described in U.S. Pa- 
tent No. 5,011,706. 

Examples of suitable processes for the deposi- 
tion of the silicon oxygen carbon containing coating 
20 include (1) CVD of a silane. alkylsilane, halosilane, 
halodisiiane, halopolysilane or mixtures thereof in the 
presence of an alkane of one to six carbon atoms or 
an alkylsilane and further in the presence of an oxid- 
izing gas such as air, oxygen, ozone, nitrous oxide 
25 and the like, (2) PECVD of a s8ane, aikylslane. halo- 
silane. halodisiiane, halopolysilane or mixtures there- 
of in the presence of an alkane of one to six carbon 
atoriw or an alkylsilane and further in the presence of 
an oxidizing gas such as air, oxygen, ozone, nitrous 
30 oxide and the like or (3) PECVD of a silacyclobutane 
or disHacydobutane as described in U.S. Patent No, 
5,011,706, in the presence of an oxklizing gas such 
as air, oxygen, ozone, nitrous oxide and the like. 
Examples of suitable processes for the deposh 
35 tion of the siicon nitrogen containing coating indude 
(A) CVD of a silane. halosilane. halodisiiane, halopo- 
tysiane or mixtures thereof in the presence of amny>- 
nia. (B) PECVD of a silane. halosilane. halodisHane, 
halopolyslane or mixtures thereof In the presence of 
40 ammonia. (C) PECVD of a SiH4 - N^ mixture such as 
that described by Ionic Systems or Katoh et al. In the 
Japanese Journal of Applied Physics, vol. 22, #5. 
pp1321 - 1 323 or (D) reactive sputtering such as that 
described in Semiconductor International, p 34. Au- 

45 gust 1987. 

Examples of suitaWe processes for the deposi- 
tkjn of the silicon oxygen nitrogen containing coating 
include (A) CVD of a silane. halosilane. haiodislane, 
halopdysiane or mixtures thereof in the presence of 

50 ammonia and an oxidizing gas such as air. oxygen, 
ozone, nitrous oxWe and the like, (B) PECVD oC a s^ 
tans, haloslane. haiodislane, halopolyslane or mix- 
tures thereof in the presence of amnrx>nia and an ox- 
Wizing gas such as air. oxygen, ozone, nitrous oxide 

56 and the like. (C) PECVD of a SiH4 - Nj mbcture such 
as that described by lonk: Systems or Katoh et al. in 
the Japanese Journal of Applied Physics, vo*. 22, #5. 
pp1321-1323 in the presence of an oxidizing gas 
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such as air. oxygen, ozone, nitrous oxide and the like 
or (D) reactive sputtering such as that described in 
Semiconductor International, p 34. August 1 987 in the 
presence of an oxidizing gas such as air. oxygen, 
ozone, nitrous oxide and the tike. 

Examples of suitable processes for the deposi- 
tion of the silicon oxygen containing coating include 
(A) CVD of a silane, halosilane, haiodisilane, hatopo- 
lysilane or mixtures thereof in the presence of an ox- 
idizing gas such as air, oxygen, ozone, nitrous oxide 
and the like. (B) PECVD of a silane, halosilane, haio- 
disilane. halopolysilane or mixtures thereof in the 
presence of an oxidizing gas such as air, oxygen, 
ozone, nitrous oxide and the like, (c) CVD or PECVD 
of tetraethylorthosilicate, methyltrimethoxysilane. 
methylhydrogensiloxanes. dimethylsiloxanee and 
the tike in the presence of an oxidizing gas such as 
air, oxygen, ozone, nitrous oxide and the like or (d) 
CVD or PECVD of hydrogen silsesquioxane resin in 
the presence of an oxidizing gas such as air, oxygen, 
ozone, nitrous oxide and the like as described in U.S. 
Patent Ho. 5.165,955. 

Examples of suitable processes for the deposi- 
tion of the silicon cartwn nitrogen containing coating 
include (i) CVD of hexamethyldisilazane, (ii) PECVD 
of hexannethyldisilazane. (iii) CVD of silane, alkylsi- 
lane, halosilane, haiodisilane, halopolysilane or mix- 
ture thereof in the presence of an alkane of one to six 
carbon atoms or an alkylsilane and further in the pres- 
ence of ammonia or (iv) PECVD of a silane, alkylsi- 
lane, halosilane. haiodisilane, halopolysilane or mix- 
ture thereof in the presence of an alkane of one to six 
carbon atonns or an alkylsilane and further in the pres- 
ence of ammonia. 

Examples of suitable processes for the deposi- 
tion of the silicon oxygen cart)on nitrogen containing 
coating include (i) CVD of hexamethytdisilazane in 
the presence of an oxidizing gas such as ar, oxygen, 
ozone, nitrous oxkle and the like, (ii) PECVD of hex- 
amethyldisilazane in the presence of an oxidizing gas 
such as air, oxygen, ozone, nitrous oxide and the like, 
(iii) CVD of silane, alkylsilane, halosilane. haiodisi- 
lane. halopolysilane or mixture thereof in the pres- 
ence of an alkane of one to six carbon atoms or an al- 
kylsilane and further in the presence of ammonia and 
an oxidizing gas such as air, oxygen, ozone, nitrous 
oxide and the like or (rv) PECVD of a silane. aikylsh 
lane, halosilane, halodislane. halopolysilane or mix- 
ture thereof in the presence of an alkane of one to six 
carbon atoms or an alkylsilane and further in the pres- 
ence of amrrwnia and an oxklizing gas such as air. 
oxygen, ozone, nitrous oxide and the like. 

Examples of suitable processes for the deposi- 
tion of a diamoTKl-like carbon coating include expos- 
ing the substrate to an argon beam containing a hy- 
drocartxxi in the manner described in NASA Tech 
Briefs, November 1989 or by on€ of the methods de- 
scribed by Spear in J. Am. Ceram. Soc.. 72. 171-191 


(1989). 

After the ceramic layers are applied, the coating 
covering the bond pads is partially etched to allow for 
attachment of leads. The method of etching is not crit- 
5 ical and nearly any process known in the art wil func- 
tion herein. This includes, for example, dry etching 
(eg., with plasma), wet etching (e.g., with aqueous 
hydrofluoric acid) and/or laser ablabon. If desired, the 
open bond pads can then be sealed by covering them 
10 with one or more non-corroding, conductive layers. 
The material used for this layer is not critical and can 
comprise any which is stable in the environment elec- 
trically conductive and useful for interconnecting the 
circuit. Examples of such materials include gold, cop- 
is per, silver, tungsten, solder, silver fined epoxy and the 
like. Figure 2 depicts a cross-section of a semicon- 
ductor substrate (1) having a bond pad (2). a prinr^ry 
passivation (3), additional ceramic layers (4) and the 
non-corroding conductive layers (6). 
20 The method for applying this layer or layers is 

likewise not critical. Examples of such processes in- 
clude sputtering, electron beam evaporation or by 
merely dispensing the material at the bond pad. 
These and other processes are known in the art for 
25 use within the multiple layers of the circuit and are 
functonal herein. 

It should be noted that the n:«terials of the bond 
pad (e.g.. aluminum) are often incompatible with the 
materials of the non-corroding, conductive layer (e.g., 
30 gold) such that when they are brought into contact 
with each other intermeUllic formation ("purple pla- 
gue") can damage the circuit To prevent such dam- 
age, it is within the scope of this invention to first ap- 
ply a diffusion barrier nr>etal layer to the bond pads fol- 
35 lowed by application of the conductive layers as set 
forth above. The diffusion barrier metal layers useful 
herein are known in the art for use wfthin integrated 
circuits for building the multiple layers of the circuit 
Generally, such layers comprise n^etals such as tung- 
40 sten or metal alloys such as titanium-tungsten, titani- 
um nitride and the like. 

The nr>ethod for forming the diffusion barrier met- 
al layers is not critical and many technk^ues are 
known in the art A common approach involves sput- 
45 tering the drffuston barrier metal layer on the surface 
of the circuit foltowed by etching. 

If the bond pads are sealed with this conductive 
layer, additional ceramic coatings may be added to 
the above ceramk: layers by the nr>ethods described 
50 above to further seal the drcurt 

The atx>ve sealing processes can be performed 
at the wafer stage or after dkang. tt is preferred here- 
in, however, to seal the devk»s at the wafer stage for 
efficiency reasons. 
55 The aperture of the open bond pad is decreased 

by this process such that the original etching in the 
primary passh/ation is further sealed. Note Figures 1 
and 2 which show that the aperture of the opening 
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above the bond pad (2) is decreased by the addrtional 
ceramic layers (4). This indudes. for example, sealing 
the sides and junction of the original etched primary 
passivation (eg., at the bond pads and streets). Note 
Figure 2 which shows that the edges of the primary 
passivation (3) at the bond pads (2) and the streets 
(f^) are sealed by the additonal ceramic layers (4). tn 
addition, any aacks, pinholes or defects in the origi- 
nal passivation are sealed. 

Such circuits are then interconnected with each 
other, with a lead frame, with a circuit board or other 
external components. Such interconnection can be by 
conventional leads or by methods such as TAB or tlip 
chip' processes which are well known in the art 

After interconnection, the device can also be 
packaged by conventional techniques known in the 
art For instance, the device can be embedded within 
an organic encapsuiant such as a polyimide, an epoxy 
or PARYLENE^, it can be embedded within a silicone 
encapsuiant or it can be included in a plastic package 
for additional protection. 


oxygen containing ceramics, silicone nitrogen 
containing ceramics, silicon oxygen nitrogen con- 
taining ceramics, silicon oxygen carbon contain- 
ing ceramics, silicon carbon nitrogen containing 
5 ceramics, silicon oxygen carbon nitrogen contain- 

ing ceramics, silicon cart>on containing ceramics 
and diamond-tike cartx)n containing ceramics. 

6. The integrated circuit of daim 5, wherein the dif- 
10 fusion barrier metal layer (6) is selected from the 

group consisting of titanium, an aJloy of titanium 
and tungsten and titanium nitride. 

7. The integrated circuit of daims 1 , 2 or 4 which has 
15 been interconnected and embedded within a ma- 
terial selected from the group consisting of organ- 
ic encapsulants and siicone encapsulants. 


20 


CUimt 

25 

1. A hermetically sealed integrated drcuit compris- 
ing: 

a circuit subassembly having bond pads 

(2); 

a primary passfvatk>n layer (3) on the sur- 30 
face of the subassembly which is etched at the 
bond pads (2) and streets (5); and 

one or more ceramic layers (4) covering 
the primary passivation (3) and the sides of the 
primary passivation created by etching at the 35 
bond pads (2) and streets (5); 

wherein the ceramk: layers (4) comprise a 
ceramic material which is deposited by a process 
selected from chemical vapor deposition and 
physical vapor deposition. 40 

2. The drcuit of daim 1 further characterized by a 
non-corroding, conductive layer (6) covering the 
bond pads (2). 

45 

3. The integrated drcuit of daim 2 wherein the non- 
corroding, conductrve layers (6) comprise a ma- 
terial selected from the group consisting of gokj. 
silver, tungsten, solder, silver filed epoxy and 
copper. ^ 

4. The drcuit of daim 2 further characterized by a 
diffusion barrier metal layer (6) covering the bond 
pads. 

55 

5. The integrated circuit of daims 1 . 2 or 4 wherein 
the ceramk: layer (4) is selected from the group 
consisting of silicon containing ceramics, silicon 
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